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INTRODUCTION 
 
Following rice, wheat and maize (Moeinil et al., 2011) potato 
(Solanum tuberosum L.) places the world's number one non-grain 
food commodity and fourth largest food crop. In Bangladesh, 
considering  area and production potato is the third largest  
vegetable crop next to rice, and wheat with an average yield of 
19.64 t ha−1 (BBS, 2018). Due to an economically important crop 
different methods of rapid multiplication of potato are used in 
various laboratories and different countries (Jones, 1988). In 
vitro propagation of potato is influenced by various factors  
including growth regulators, cultivar, light quality, photoperiod 
and temperature. The effects of growth regulators on microtu-
ber induction have been extensively studied by many research-
ers. Hussey and Stacey (1984), Estrada et al. (1986), Simko 
(1993), Tugrul and Samanci (2001) used different growth regu-
lators for in vitro induction of microtubers. Several physiological 
studies such as hormonal composition and concentration of 
phytohormone, ratio of photoperiod, composition and concen-
tration of nutrients in the media etc. have shown that in vitro 
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 Fluorescent lamps (artificial light) and sunlight were used as lighting source in present study to 
identify feasibility of using sunlight in plant tissue culture laboratory. In vitro regenerated nodal 
segments of the cardinal variety of potato (Solanum tuberosum L.) were inoculated in MS  
medium without any growth regulator for shoot and root development. After 30 days of  
culture in an average temperature at 21.94±0.21°C, relative humidity 39.35±0.75%, various 
morphological responses i.e. plantlet height, diameter of plantlet, number of nodes per plantlet, 
inter node distance, number of leaves per plantlet, fresh and dry weight of plantlets , number of 
root, length of root, growth rate etc. were recorded. The average light intensity at sunlight and 
artificial treatment was observed at 4805.5±326.54 lux and 3484±84.44 lux, respectively. All 
the growth factors performed better result in sunlight treatment than those of artificial one 
except average number of nodes and leaves. The average height of plantlet at sunlight was 
53.33±3.32 mm which was greater than that of artificial light 51.67±2.15 mm. Fresh weight 
and dry weight are two important morphological factors for plantlet and in case of fresh weight 
that was always greater 0.49±0.097 in sunlighted plantlet and 0.21±0.026 in artificial one.  In 
case of dry weight the average weight 0.08±0.016 was greater in sunlighted plantlet than that 
of 0.03±0.004 in artificial one. Number of roots, root length and growth rate of the plantlets 
observed higher in sunlighted plantlets compared to artificial light. Moreover, the sunlighted 
plantlets were healthier, vigorous and strong which helped plants to establish in net house 
easily. Considering the cost of electricity consumption, from a laboratory area of 20.47 m2 BD 
Taka 63% could be saved in each month by using sunlight. As low cost options of energy saving 
in tissue culture laboratory using sunlight would be feasible and environmentally friendly  
technology for commercial point of view in Bangladesh. 
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average light intensity was 3484.23±84.44 lux and photoperiod 
time 16 hours. The temperature was maintained at 
21.94±0.021°C and relative humidity at 39.35±0.75% in the 
culture room. Culture bottles were arranged in the same  
distance in culture rack so that they were exposed to uniform 
light environment. The experiment was conducted in two treat-
ments, in three replications and for each treatment five bottles 
with four plantlets were taken per replication. Plant growth was 
observed after 30 days of culture. Data were analyzed by using 
SPSS software.  
 
Cost analysis of light intensity 
Cost analysis was done by using the following formula:  (Theraja 
and Theraja, 2005). 
 
E= Illuminance (lm/m2) or (lux)                                                                                                                                                                 
  or, φ/A =L  A=Area, m2 
  or, φ=LA  L= light intensity, lux  
    φ=flux, lm 
P Lux light intensity comes from   = Q watt 
φ Lux light intensity comes from   = Q/P X φ watt 
   = R watt (total watt or Wtotal) 
 R watt= Wtotal X 10
-3 X h = Z units (Z KWh)                                            
 
where,  h=hour per day 
 1 unit electricity cost     = Y taka 
Z units electricity cost   = Y X Z taka = T taka 
 
RESULTS AND DISCUSSION 
 
Growth parameters 
 
Plant height (mm) and diameter (mm) 
Maximum height of potato plantlet was observed at sunlight, 72 
mm and minimum 35 mm. The average height of plantlet at  
sunlight was 53.33±3.32 mm which is greater than that of artifi-
cial light, 51.67±2.15 mm (Table 1). From Table 1 it can be  
revealed that lowest, highest and average diameter of potato 
plantlet at sunlight was greater than that of artificial light. It may 
be due to the intermittent intensive flow of sunlight compared 
to artificial light with constant flow. Jao and Fang (2004) also 
showed that intermittent or pulse light promotes the growth of 
potato plantlet significantly compared to artificial one. By 
changing Red photon flux density (R, peak wave length 630nm, 
ranges between 10 and 100 μmol m-2 s-1) and far-red photon flux 
density (FR, peak wave length 730nm, range 2-50 μmol m-2 s-1.) 
Miyashita et al. (2005) showed that shoot length of potato  
increased with increasing FR/PPFD ratio when R/PPFD ratio 
was 0.1–0.5. Miyashita et al. (2005) also showed that Shoot 
length was greatest with R/PPFD ratio of 1.0.  
From the above results it may concluded that in sunlight red 
light spectrum present  more which may lead plantlet to be more 
vigorous or stronger. On the other hand in artificial light it pre-
sents in a specific volume which makes plantlets thinner with 
spindly shoot as red light is the most important fuel for driving 
photosynthesis and biomass production of plants. 
 
Number of nodes and internodes distance of potato plantlet 
Though highest and lowest numbers of nodes of plantlet were 
same but average number of nodes at sunlight, 7.75±0.39 was 
lower than that of artificial light, 8.33±0.36 (Table 2). Hussey 
and Stacey (1984) reported longer nodal formation in cultures 
with continuous light. As artificial light flow was continuous and 
sunlight flow was discontinuous and nature dependent so day 
length of artificial light represent more than that of sunlight. 
Beside this average inter node distance at sunlighted plantlet 
was 7.21±0.80 and in artificial light 6.53±0.44. It might be an-
other reason that numbers of nodes at sunlighted plantlet were 
less than those of artificial light.   
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tuberization of potato is controlled by different factors 
(Coleman et al., 2001; Zobayed et al., 2001; El-Sawy et al., 2007; 
Anoop and Chauhan, 2009). However, few significant works 
have been reported on using the different sources of light on 
micro propagation of potato in vitro (Kereša et al., 2012). 
Light plays an important role on growth and development of the 
in vitro culture plants. Among various physical micro environ-
mental factors which influence photosynthesis of in vitro  
cultured plants, high sucrose and salt containing media, low light 
level and carbon dioxide concentration in the culture vessel are 
some of the important limiting factors (Fujiwara and Kozai, 
1995).  Beside photosynthesis, light, both quantity and quality, 
is involved in several processes of plant development such as 
photomorphogenensis and photoperiodism and the expression 
of many genes is affected by light (Hopkins, 1999). As the  
importance of light in the plant growth, artificial light sources 
are used in plant tissue culture laboratory to provide all the light 
a plant needs.  Lighting costs account for 65% of total electricity 
bill (Standaet de Metsenaere, 1991) and are one of the highest 
non labor cost in a tissue culture laboratory (Dooley, 1991). 
Moreover, artificial lighting generates heat that has to be dissi-
pated by cooling and air conditioning further adding to the  
electrical load. The cool fluorescent lights used for illumination 
provide minimal energy required for photosynthesis. As a result, 
in vitro plants adapt to low-light intensity, and have a reduced 
growth rate (Ahloowalia and Savangikar, 2002). Natural light 
used to illuminate potato tissue cultures in India and Cuba  
produced acceptable cultures and considerable saving of energy 
(Alix et al., 2001). It has observed that plants can grow vigorous-
ly in the absence of sugar if provided with proper ventilation 
system coupled with high photosynthetic photon flux (PPF) of 
100-150 μmol m-2 s -1 and lower percentage of relative humidity 
inside the culture vessel (Chun and Kozai, 2001) that can be 
maintained by sun light. 
Due to lack of required electricity production and increasing 
demand of seed potato through micropropagation using sun-
light instead of artificial light could be the new tissue culture 
tool for Bangladesh. In this study the potential and advantages 
of using sunlight instead of artificial light for potato micropropa-
gation and its effects on different morphogenic characters of 
the plantlets were investigated to achieve the objectives such as 
the growth factors (length and diameter of plantlet, length of 
root, no of nodes etc), feasibility study and analyze the cost of 
electricity consumption in two lighting conditions in plant tissue 
culture laboratory.  
 
MATERIALS AND METHODS 
The research work has been carried out at the plant tissue  
culture laboratory, Rural Development Academy (RDA), Bogra, 
Bangladesh to observe different morphogenic characters i.e. 
length and diameter of plantlet, number of nodes per plantlet, 
number of leaves per plantlet, inter node distance between two 
nodes, fresh and dry weight of plantlets, number and length of 
root, growth rate of shoot etc. The explants collected from in 
vitro cultured potato variety Cardinal, developed through  
meristems culture in vitro, were used as the initial planting  
material. MS (Murashige and Skoog, 1962) medium without any 
growth regulator was used as basal medium.   After collection of 
explants from cultured vessels, carefully and aseptically each 
plantlet was cut into pieces about 2 cm by surgical blade bearing 
one node and one leaf in each explant and placed on the steri-
lized glass. After preparing sufficient amount of explants for one 
bottle, they were inoculated into the glass bottle containing 
about 30 ml of MS (Murashige and Skoog, 1962) medium with-
out any growth regulator. They were then kept in growth room 
in two types of culture conditions in respect to source of light. In 
case of sunlight the average light intensity was 4805.5±326.54 
lux and photoperiod time 16 hours (10 hour day light and 6 hour 
artificial light). On the other hand in artificial light condition 
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Number of leaves of potato plantlets 
Maximum leaves number was observed at artificial light, 13. 
Each node of potato plant contains one leaf and in artificial light 
plantlets had more number of nodes (Table 1). Therefore  
average numbers of leaves, 9.42±0.47 were also higher than 
that of sunlight 9.25±0.43 (Table 3). It might be due to the cause 
of uncontrolled light intensity of sunlight compared to artificial 
light. This result showed no significant difference between  
average number of leaves of sunlighted and artificial lighted 
plantlets. In micropropagation of chrysanthemum Miler and 
Zalewska (2006) showed no significant influence of light colour 
on an average number of leaves per plantlet. 
High light intensity substantially increased the total number of 
expanded leaves, dry matter, sugar content and nitrogen  
absorbed in Phalenopsis (Kubota, 1993).            
 
Fresh and dry weight of potato plantlet 
Fresh weight is very important morphological factor for plantlet 
and that was always greater in sunlighted plantlet than that of 
artificial one (Table 4). Because the plantlets at sunlight were 
more vigorous (diameter and height) than that of artificial one 
and on the other hand the fresh weight of sunlighted plantlets 
was higher than that of artificial light so dry weight was also 
higher. Nhut et al. (2003) showed the highest total fresh weight 
of banana plantlets obtained under 80% red + 20% blue LED 
and the value was equivalent to that under plant growth fluo-
rescent lamps (PGF). As red light % at sunlight has more so 
growth rate, fresh and dry weight of sunlighted plantlet were 
more than that of artificial one.  
 
Number and length of root  
Root number and length is an important factor for any plantlet 
before they are being transplanted in field because root helps 
plants to absorb necessary foods from soil. Considering root 
length of plantlet longer roots can collect food constitutes from 
long distance of soil. The root number and length were always 
higher at sunlight than that of artificial light (Table 5).  The long-
er root length, 64 mm was observed at sunlight whereas at  
artificial light it was 29 mm. The average root length at artificial 
light, 15.70±1.88 mm was significantly less than that of sun 
light, 44.42±4.42 mm (Table 5). In case of  in vitro rooting of  
Faidherbia albida, Kwapata et al. (1999) showed that  the number 
of roots per shoot increased significantly with increasing incu-
bation of light intensity, and an optimum of 10 roots per shoot 
was obtained at 135 µmoles m -2 s -1 light conditions. Kozai et al. 
(1997, 1999) and Jeong et al. (1995) also obtained the same 
result with an increased sun light intensity at least 150 µmoles 
m -2 s -1 and could concluded that the plantlets did not require 
any acclimatization during post vitro establishment. Highest 
percentage of root was found in micropropagation of Alternan-
thera brasiliana. L when ultraviolet radiation was used which is 
present in Sun light (Silva et al., 2005). Wang and Hu (1985) also 
observed efficient rooting of micro tuber grown cutting of  
potato in high light intensity (120 µmoles m -2 s -1) with a 12- h 
photoperiod. 
 
Growth rate of shoot mm/day 
In commercial micropropagation of potato, growth rate is an 
important factor considering cost benefit. The growth rate of 
plantlet at sunlight was always more than that of artificial light 
(Table 6 and Figure 1). In case of strawberry, Nhut et al. (2003) 
showed that Plantlet growth rate was best at 70% red + 30% 
blue LEDs. The optimal light intensity was 60 mol m–2 s–1. Chlo-
rophyll synthesis is stimulated by red light. Because the effect of 
red light showed some far-red reversibility in successive red and 
far-red light treatments. In addition to the effect of red light, a 
strong stimulation of chlorophyll synthesis by blue light was 
observed in green algae (Lopez and Neill, 1989). As red light 
presents at higher ratio so photosynthesis and growth rate was 
greater in sunlighted plantlets than to artificial light. Depending 
on the intensity and duration of light treatment Jo et al. (2008) 
showed that both light intensity and photoperiod independently 
affect growth of Alocasia amazonica. Kodym et al. (2001)  
observed good or better growth under natural light than in the 
controlled growth room, kept at 16-41°C at 750 µmol m2s-1, of 
in vitro grown plants of banana and potato. From the above  
discussion it was observed that morphological characters of sun 
lighted plantlets performed better than that of artificial one 
(Figure 1). 
 
Cost analysis of light intensity at RDA plant tissue culture  
laboratory 
Changing the method of illumination from artificial to natural 
light not only reduces electricity and capital costs, but also  
improves the plant quality. Expensive artificial lights can be  
replaced in several ways in different conditions. Countries like 
Cuba, Denmark, India and Vietnam are the milestone of using 
sunlight instead of artificial one in tissue culture or micropropa-
gation (Beazas-Lopez, 1995). In Bangladesh, Rural Development 
Academy (RDA) Tissue Culture Laboratory is only practicing to 
use sunlight instead of artificial one as a physiological factor for 
micropropagation of potato plantlet. Generally, potato tissue 
culture needs 3000-4000 (average 3500) lux light intensity to 
maintain its morphological characters. RDA plant tissue culture 
laboratory growth room has an area of about (10 ×22) sq. feet 
i.e. (3.048×6.71) m2=20.47 m2. Therefore light intensity cost 
(sunlight and artificial light) has been calculated by using the 
following formula of Theraja and Theraja (2005). 
 
A = 20.47m2 (6.71×3.05) 
Φ = LA 
Light intensity, L= 3500 lux. 
= 3500 × 20.47 
= 71645 Lux  φ = Lux, lm 
2580 Lux light intensity comes from = 36 watt (energy  pack) 
71645 Lux light intensity comes from= (36/2580) × 71645 watt 
= 999.70 watt (total watt or Wtotal) 
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            Sun lighted plantlets                          Artificial lighted plantlets 
Figure 1. Comparative physiological appearance of plantlets under sun 
light and artificial light treatment (Photographs were taken after 30 days 
of culture). 
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In case of using artificial light (considering 16 hour lighting 
period) 
1 hour electricity consumption 999.70 watt 
16 hours electricity consumption = 999.70×16×10-3 KWh 
(units) = 16.00 KWh 
1 day requires electricity 16.00 KWh/Units 
30 days requires electricity = 16 × 30 KWh/Units = 480 Units  
1 unit electricity cost is 6.0 taka 
480 units electricity cost is = 6.0×480 taka = 2880 taka 
 
In case of using sunlight (considering 10 hour lighting period) 
A = 20.47m2 (6.71×3.05) 
Φ = LA  Light intensity, L= 4800 lux. 
= 4800 × 20.47 
= 98256 Lux                                                                     φ = Lux, lm 
 2580 Lux light intensity comes from = 36 watt (energy pack) 
98256 Lux light intensity comes from= (36/2580) × 98256 watt 
= 1371 watt (total watt or Wtotal) 
1 hour electricity consumption 1371 watt 
10 hours electricity consumption = 1371 × 10× 10-3 KWh (units) 
=13.71KWh 
1 day requires electricity 13.71 KWh/Units 
30 days requires electricity = 13.71 × 30 KWh/Units = 411.3 
Units 
1 unit electricity cost is 6.0 taka 
411.3 units electricity cost = 6.0 × 411.3 taka =2467.8 taka ≈ 
2468.00 
 
In case of using sunlight six hours artificial light is needed to 
complete the total lighting hour for in vitro condition of potato 
So six hour electricity cost is 2880/16 × 6= Tk. 1080  
For sixteen (16) hours total electric bill Bd. Taka 2880.00  
For Six (6) hours total electric bill Bd. Taka 1080.00 
Ten (10) hours total electric bill Bd. Taka 1800.00 
I case of percentage of total electric bill would be saved 1800 × 
100/2880=62.5% ≈ 63% 
 
Reduction in the cost of energy is essential to lower the produc-
tion cost of micropropagated plants. A large part of the electrical 
energy in tissue culture is used for autoclaving, lighting of the 
growth room, air filtration in laminar-flow cabinets and air condi-
tioning. In such a condition by using sunlight, RDA tissue culture 
laboratory is saving up to 63% of electricity consumption cost 
which reflects directly on micropropagation derived productions.  
Table 1. Effect of sunlight and artificial light on vigourity of potato plantlet.  
Treatment 
Plant height Plant diameter 
Minimum 
(mm) 
Maximum 
(mm) 
Average (mm) 
(x±SE) 
Minimum 
(mm) 
Maximum 
(mm) 
Average (mm) 
(x±SE) 
Sun light 
4805.5±326.54 lux 
35 72 53.33±3.32 0.85 1.5 1.03±0.054 
Artificial light 
3484.23±84.44 lux 
36 63 51.67±2.15 0.53 1.07 0.75±0.041 
Table 2. Effect of sun light and artificial light on node number and node distance of potato plantlets.  
Treatment 
Number of nodes Inter nodes distance 
Minimum Maximum Average (x±SE) 
Minimum 
(mm) 
Maximum 
(mm) 
Average 
( x±SE) 
Sun light 6 10 7.75±0.39 4.67 14.33 7.21±0.80 
Artificial light 6 10 8.33±0.36 3.67 9.67 6.53±0.44 
Table 3. Effect of sun light and artificial light on the number of leaves of potato plantlets. 
Treatment 
Number of leaves 
Minimum Maximum Average (x±SE) 
Sun light 7 12 9.25±0.43 
Artificial light 7 13 9.42±0.47 
Table 4. Effect of sun light and artificial light on the fresh and dry weight of potato plantlets.  
  
Treatment 
Fresh weight Dry weight 
Minimum 
(g) 
Maximum 
 (g) 
Average (g) 
(x±SE) 
Minimum 
 (g) 
Maximum 
 (g) 
Average (g) 
(x±SE) 
Sun light 0.31 0.64 0.49±0.097 0.06 0.11 0.08±0.016 
Artificial light 0.19 0.27 0.21±0.026 0.03 0.04 0.03±0.004 
Table 5. Effect of sun light and artificial light on number and length of root of potato plantlets.  
 Treatment 
Number of roots of plantlet Length of root per plantlet 
Minimum Maximum 
Average 
(x±SE) 
Minimum 
(mm) 
Maximum 
(mm) 
Average (mm) 
(x±SE) 
Sun light 5 12 7.58±0.62 10.67 64 44.42±4.42 
Artificial light 2 10 6.50±0.68 5.67 29 15.70±1.88 
Table 6. Effect of sun light and artificial light on growth rate of shoot. 
Treatment 
Growth rate of  shoot 
Minimum (mm) Maximum (mm) Average (x±SE)mm 
Sun light 1.17 2.40 1.78±0.11 
Artificial light 1.20 2.10 1.72±0.072 
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Conclusion 
 
The present study was conducted to identify the feasibility of 
using sun light instead of artificial one as a source of light inten-
sity in micropropagation of potato plantlets (S. tuberosum). 
Three physiological factors such as light intensity, relative hu-
midity and temperature were continuously observed and rec-
orded for three times per day. Relative humidity in the growth 
chamber was average 39.35±0.75%, minimum 32.47% and max-
imum 55.77%. The light intensity at sun light treatment was 
fluctuated (average 4805.5±326.54, minimum 1886.67, maxi-
mum 8725 lux) and at artificial light treatment was average 
3484±84.44 lux. The temperature was maintained at 
21.94±0.21 by air cooler. After 30 days of inoculation different 
types of growth factors were measured. Except average number 
of nodes and leaves all growth factors (average) at sun light 
treatment were more than that of artificial light. The growth 
factors like length of plantlet 53.33±3.32 mm, 51.67±2.15 mm; 
diameter of plantlet 1.03±0.054 mm, 0.75±0.041 mm; inter 
nodes distance7.21±0.80 mm, 6.53±0.04 mm; fresh wt 
0.49±0.097 gm, 0.21±0.026 gm; dry wt.08±0.016 gm, 
0.034±0.004 gm; number of root 7.58±0.62, 6.5±0.68; large 
root length 54.50±5.53 mm, 19.67±2.03 mm; growth rate 
1.78±0.11, 1.72±0.072mm; nodes number 7.75±0.39, 
8.33±0.36; number of leave 9.25±0.43, 9.42±0.47 at sun light 
and artificial light treatment, respectively. It can be concluded 
that S. tuberosum nodal segments carry a high potential for 
shoot and root formation on a simple culture medium without 
any growth regulator at sun light as a source of light intensity 
instead of artificial one (fluorescent). For mass scale plantlet 
propagation in Bangladesh, tissue culture laboratory could be 
developed where 10 hours /day sunlight would be used while an 
average of 63% BDT could be saved from a 20.47m2 laboratory 
area. The use of sun light in plant tissue culture laboratory 
would be a new tool for Bangladesh in future. 
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